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(57) Abstract 


A process for preparing aseptically packaged concentrated milk is disclosed. To avoid the use of a stabilizer and allow the 
storage of concentrated milk in packages without refrigeration and without the formation of age gelatin, milk products are con- 
centrated by reverse osmosis, the concentrated milk products are then sterilized by an ultra high sterilization process, the milk is 
optionally homogenized and the sterilized product is then aseptically packaged. 
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COHCEMTR&TED STERILE HILK PRODUCT 

yield of The Invention 

The invention relates to an improved acthod for 
concentrating fresh ailk products and aseptically 
packaging the concentrates. The improved packaged 
products are free of stabilizers and keep at grocery 
shelf temperatures for several months without age 
gelation. The concentrates can be reconstituted with 
water to make fresh-tasting milk that has the mouth-feel 
of fresh milk and is consumer-acceptable as "fresh 
milk**. Specifically, the method comprises concentrating 
fresh milk by reverse osmosis , sterilizing under UHT 
conditions, homogenizing and aseptically packaging. 

Milk products such as whole milk, low fat milk and 
skim milk are generally preferred by the consiimer in 
their fresh form. However, fresh milk products have 
drawbacks because the fresh products do not keep for 
more than a few days and must be kept under virtually 
constant refrigeration during those few days. 

In order to reduce shipping costs, reduce storage 
costs and to achieve longer storage time, it has been 
known to concentrate milk by evaporation and to 
aseptically package the concentrate so that it can be 
kept fit for human consumption for longer periods of 
time. 

The Ranjith patent, US? 4,921,717 relates to 
concentrating milk by evaporation and subsequently 
packaging the concentrate aseptically. 

Although it has been known in the art to 
concentrate milk products using reverse osmosis, the 
prior art has not dealt with a process comprising X7RT 
processing, aseptic packaging, and long term storage, 
wherein the packaged product does not require the 
addition of stabilizer. 
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gVHHftRY Pr THS IWYEWTIgH 
The present invention relates to a packaged 
concentrated sterile Bilk product and to a new process 
for production of packaged concentrated sterile ailk 
products. 

Concentrated .sterile silk of the invention is a 
dairy product vhich will have a worldwide aarket* It 
has proved particularly valued for its long keeping 
properties without refrigeration and the fact that it 
will retain its fresh qualities for these long periods. 
This is especially important in sany countries without 
their own dairy industries, where the product of the 
invention will be diluted for use in place of fresh 
milk, or used as is for coffee creasi. 

The production process for sanufacturing and 
packaging the inventive concentrated sterile silk 
involves the separation of water f ron the &ilk supply by 
pumping the milk supply stream through reverse osmosis 
(KO) filters until the solids content is as desired; 
passing the milk concentrate through a UHT (Ultra High 
Temperature) sterilization process, and aseptically 
packaging the concentrated sterile milk into containers 
sized to fit the narket segment as needed. Packaging 
may be in packages as small as 1 ounce to 1 gallon for 
hone or other use, or in up to 300 gallon bulk packages 
for export or interplant shipment. 

The superior color and flavor of the concentrated 
sterile silk product of the invention has now been 
recognized. The product also has the advantage of not 
using stabilizers or other additives to prevent gelation 
during long ters storage. 

There are an increasing number of countries which 
insist that silk and silk products should be free from 
stabilizers and there is a general trend towards the 
avoidance of such saterials wherever possible. 
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This invention provides a process which removes 
only water from the milk and therefore leaves the 
balance of all other elements as in the original milk. 
It is believed that this balance is responsible for 
natural prevention of gelation during storage. 

It has been found that the disadvantages of prior 
processes can be avoided by the use of the inventive 
process in which milk is R.O. concentrated. ' 

Accordingly, the present invention provides a 
process for producing a concentrated sterile milk 
product comprising the following steps of 

(a) concentrating milk or milk product, 

(b) sterilizing the concentrate in an 
appropriate manner r and 

(c) aseptically packaging under the sterile 
conditions. 

After opening the aseptic package, water may be 
added to reconstitute the product, returning it to a 
normal solids content for use as fresh milk. 

DCTAirED PgSCRTPTTQW 

The process of the present invention is a process 
for making aseptically packaged concentrated milk from 
fresh milk feedstock comprising (a) concentrating the 
fresh milk feedstock by reverse osmosis; (b) sterilizing 
the concentrate, and (c) aseptically packaging the 
concentrate wherein only water is removed from the 
feedstock, and wherein spontaneous formation of a gel in 
said concentrate during unrefrigerated storage is 
avoided without the use of stabilisers or other 
additives to prevent age gelation. 

The process of the present invention may be used 
for concentrating, sterilizing, and packaging any milk 
or fluid silk product, hereinafter referred to as 
"feedstock*". The feedstock of the invention may be raw 
or pasteurized. The feedstock can be other milk 
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products such ao creaa and buttexnllk. Whole milk Is 
generally a silk vith a ailk fat content of at least 
3*0%. fikia silk is defined in sost states as having a 
saxi&ozm silk fat content of 0.1-0 .St. Low fat silk has 
a fat content falling between the fat content of whole 
silk and skis silk. Generally, low fat silk has a fat 
content in the 1% - 2% range. 

In the example of the invention, the feedstock is 
cow*s silk although it is contemplated that the silk of 
any sammal sight be used, for instance goat's silk. 

The concentrate say be sterilized by any 
sterilization sethod as long as the balance of all 
elements of a feedstock except water is not adversely 
disturbed. Preferably the concentrate is sterilized by 
a UHT continuous flow process wherein the product is 
passed over one or more heat exchangers or is sterilized 
by a steam heated process. Heating rates and holding 
times say be selected as convenient for the equipment in 
use. 

The process can be built to operate as a continuous 
flow of the feedstock through the process or a batch 
process with the feedstock being held for a period 
between steps of the process. In one embodiment, the 
process may be interrupted after step (a) and the 
concentrate can be transported to a different site 
before being subjected to steps (b) and (c) . In this 
case, it say be convenient to conduct step (a) at the 
fazs or at a processing plant, with steps (b) and (c) 
being perfozsed at a distance away. The product say 
then be transported and/or stored for a period of tise 
before being reconstituted for use as fresh silk. 
Alternately, the concentrate of step (a) can be sixed 
vith similarly processed concentrate. 

Preferably the process is conducted in a continuous 
semner in which case step (a) suitably involves a 
reduction in volume to half or less than half the volume 
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of the original feedstock. Most preferably, step (a) 
involves concentrating feedstock to one third of its 
original volune, vith a solids content of approacimately 
34% for a whole milk feedstock and 24% for a skim milk 
feedstock* 

The process of the invention offers several 
advantages including improved energy efficiency in the 
concentration/sterilization plant as well as in the 
transportation of the products. In addition, the need 
for refrigerated storage in stores and at home is 
eliminated. 

In one embodiment of the invention, it is 
contemplated that flavoring or other suitable additives 
that enhance taste or mouth feel might be added to the 
concentrate before it is aseptically packaged. one 
particularly popular flavor that might be added is 
chocolate flavor. 

The concentrate may be packaged in large 
containers. It is contemplated that containers with a 
capacity of up to 300 gallons would be suitable for use 
in the wholesale market. In a further embodiment, the 
large packages of concentrate for the wholesale market 
might be aseptically repackaged into smaller sized 
containers for the retail market. 

The process of the invention is new and 
surprisingly useful because it has been discovered that 
the aseptically packaged concentrate of the invention 
does not spontaneously form a gel at normal storage 
temperatures for periods of 6 months or more. Normal 
storage temperatures can be defined as temperattires as 
low as refrigerator temperatures up to about eo*F. It 
has been determined that higher storage temperature are 
permissible. If the storage temperature is no higher 
than about 75 *F, the packaged product will not gel 
spontaneously and will retain its flavor for at least 
one year. 
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The equipment that was used to sterilize the 
concentrate included aeans for homogenizing the milk and 
therefore the milk was homogenized. However, 
hottogenization can be an optional step. It is 
contemplated that in an alternate embodiment the 
feedstock could be homogenized before it is 
concentrated. 

EXPERIMENTAT. WORK LEAHTWC TQ THE TWVgWTrQW 

As a first step in the research that led to the 
invention, a non-cellulosic R.O. membrane, identified as 
Type ZF 99, was obtained from the Damrow Company of Fond 
du Lac, Wisconsin. The memdrane v/as maae Dy Patterson 
Candy International, Ltd. 

In the example reported below, 100 gallons of fresh 
milk was R.O. processed using this membrane. The milk 
was heated to about 130'F (54*C) before being R.O. 
processed. However, it is not necessary to heat the 
milk before it is concentrated. Heating the milk 
allowed the process to be carried out a little faster. 

After the milk was concentrated, it was sterilized 
under UHT conditions, homogenized and aseptically 
packaged in four-ounce clear plastic sterile containers . 
The containers were cylindrical and rigid. 

When 100 ml of milk was added to the container, the 
container was filled up to a level of 10 cm. In order to 
test the keeping qualities of the stabilizer-free 
concentrate as compared with concentrate containing 
stabilizer, four sets of packaged milk were prepared. 
One (1) ml of an additive was combined with the 100 ml 
of milk in each package before the package was capped. 
A first set of packages (set i) illustrate the 
invention. The additive of set 1 was one (1) ml of 
sterile pure water. The packages in the other three 
sets each contained one (1) ml of a salt solution (a 
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stabilizer) . In set 2 , set 3 and set 4 , the salt 
solutions used were: one (1) ml 10% sodiiim citrate; one 
(1) ml 10% disodium phosphate; and one (1) ml 10% sodium 
hexametaphosphate respectively. The samples were stored 
at room temperature (75'F ± 5'F) • 

Periodically, samples were observed in their 
undisturbed state and the observations were recorded. 
Periodically, three samples from each set were warmed in 
an incubator (30'.5*C ± 0.5'C), opened and an amount of 
the enzyme rennet was added to each sample. The samples 
were then allowed to incubate for at least 30 minutes 
before the samples were observed and were pH tested. 
The enzyme used was New Zealand rennet with an activity 
i85Rl7/ml. Each of the three samples was treated with 
0.93, 1.85, and 3.70 RU/ml of sample respectively. As 
it turned out, the results observed and the pH values 
were about the same regardless of which of the three 
concentrations of enzyme was added to the sample. 

Making Milk Concentrate 
Raw milk with a fat content of 3.37%, a total 
solids content of 12.45%, and a pH of 6.50 was heated to 
about 130T and concentrated by reverse osmosis with a 
non-cellulosic membrane (Type ZF99) obtained from 
Paterson Candy International Limited, having an 
operative area of 18.85 sq. ft., using an initial 
permeate rate of 1100 ml per min at a pressure of 500 
psi. The milk was concentrated to total solids content 
of 25.0%. 

Sterilizing an d HoTtioaenizina Concentrate 
Under UHT Conditions 
Concentrate was preheated to 177*F (80.5*C); UHT 
processed at 2B4*F (120'C) for about 4 seconds and 
homogenized at a temperature of about 135-13 6'F (57* C - 
58*C) using pressures of 2000 psi (first stage) and 500 
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psi (second stage). Sterilisation and homogenization 
vas done using an Alfa Laval sterilab System. 

Xn^TA-Ac PatsVaoiT.? of Samples 
Concentrate vac pac)caged at about 126*F (52*C) 
manually in sterile plastic containers using an aseptic 
laainar flow hood. The heated «illc m added to the 100 
Bl aark en eaefa of the plastic containers. 

In addition to the «ilk, one (I) al water was added 
to each package illustrating the invention, Set 1. 
similarly one (1) ml of a solution of each of: 10% 
sodium citrate 10% disodius phosphate; and 10% sodiun 
hexameta-phosphate was added to each package of set 2, 
set 3 and set 4. Samples of concentrate were observed 
at room temperature without disturbing the closed 
container. The results of these observations are set 
forth in Table 1. Some samples of concentrate were 
enzyme treated, incubated for at least 30 minutes and 
then observed and tested. The results are set forth in 
Table 2. 
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OBSERVATIONS RELATED TO STABILITY OF 
UNDISTURBED ROOM TEMPERATURE PACKAGED 
WHOLE MILK CONCENTRATE OVER TIME 


Set 1 - No Stabilizer Added 


Storage Time 
In Weeks 

12 
15 

sediment 
18 


24 
27 
33 
39 
46 


Observa1;a-ong 

no observable change 
slight cream ring 


and 


no 


no change, a small 1mm layer 
of white on bottom 
cream ring, about 3ram sedimenr 
on bottom 

about 2mra sediment on bottom 
about 2mm sediment on bottom 
2mm sediment on bottom 
2mm sediment on bottom 
4mm sediment on bottom 
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Set 2 - sodium Citrate Added 

gtcraqg Tiag 


Tn weeks PbgervBtlgng 

15 slight creaa ring, no sediment 

18 one xa layers of vhite on bottom 

21 cream ring, 3mm layer of sediment 

24 do 

27 do 

33 do 

39 do 

46 3mm layer of sediment; signB 

of gelation on edge of container 

Set 3 - Disodium Phosphate Added 

storage Tine 

In ffgsKs gfrggrvatigng 

15 slight cream ring, no sediment 

18 visible separation into layers 

and 4mm sediment 
21 gelled clear vhey/liquid^ - 

some separation of particles 

24 do 

27 curd seems a lot softer. Not as 

much separation between the vhey 
and curd as before. 

33 gelled curd and vhey seem like 

they are coming together again 

39 gelled curd and vhey seem to 

be softening 

46 gelled. 
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Set 4 - SodiuB hexameta phosphate added 

storage Time Observations 
Tn Weeks 

15 slight creaa ring and no sedlaent 

18 do 

21 do 

24 do 

27 do 

33 do 

39 do 

46 do 


Mote: The presence of a creaa ring or sediaent in the 
concentrate did not have a permanent effect on the 
concentrate. If a saaple only shoved signs of a crean 
ring and/ or sedinent, it was possible to shake the 
concentrate in order to eliminate the creaa ring and/or 
sediaent. After sha]cing, the concentrate returned to a 
•table systea. 

tabu: 2 

OBSERVATTOWS AND TEST PESULTS REIATED TO THE 

STABILITY 

OF INCITBATED EK2YME - TREATED WHOIg MTI3C CONgEKTRATE 

Set 1 - no stabilizer added 





0 

6.48 

coagulation 

3 

6.38 

slight creaa ring 

6 

6.41 

no change 

9 

6.32 

no change 

36 

6.33 

Sob sediaent on bottoa 

50 

6.24 

no Change 


Set 2 - 

SodiuB citrate added 

Storaoe Tine 




fib 

Qbsgrvatigng 

0 

6.55 

no coagulation 

3 

6.43 

slight creaa ring 

6 

6.47 

do 

9 

6.40 

no change 

36 

6.40 

Sam sediaent at bottoa 


50 _ 6BU& sediaent, gelled in 

aiddle of container 

Set 3 - Dieodiua phosphate added 
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Storaqg Tiag 

0 B.SB no coagulation 

3 6*46 slight eraam ring 

6 6.51 do (axcapt one gallad 

and had ph 4.75) 
9 6.46 no change 

36 6«43 gelladf saam to 

ba softening 
50 gelled, seems very soft 

Set 4 - Sodiim heacaaetaphosphate added 

gtgraqg Tiw 

In WggKe fi& ObscrvatiionB 

0 6.45 no coagulation 

3 6.29 slight creaa ring 

6 6.33 do 

9 6.30 no change 

36 6.25 no change, no sedinent 

50 6.17 s&ells rancid 


Notes The presence of a cream ring or sediment in the 
concentrate did not have a permanent effect on the 
concentrate. If a sample only showed signs of a cream 
ring and/or sediment, it was possible to shake the 
concentrate in order to eliminate the cream ring and/or 
sediment. After shaking, the concentrate returned to a 
stable system. 
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nntn T*' 'r*t.T«.s i and 2 

The data shovs that the aseptically paeJcaged 
■tabiliser-free concentrate of the invention can be kept 
at usual rooB storage teaperatures (not under 
refrigeration) for sore than 6 aonths vithout shoving 
any signs of age gelation. 

flhen a stabilizer is added to the concentrate, and 
the stabilizer is sodium citrate or disodiun phosphate, 
the stabilizer does not prevent age gelation and in fact 
appears to cause age gelation. Age gelation is svident 
in the concentrate as early as the 2l£t veek of storage. 

When the stabilizer is sodium hexametaphosphate, 
the stabilizer does not appear to have any effect one 
vay or the other on age gelation. 

The data indicates that the stabiliser-free milk 
concentrate of the invention will keep en the grocer's 
shelf or under lilce conditions for more than 6 aonths 
vithout shoving age gelation. The concentrate of the 
invention has a stability vhich makes it possible to 
make a reconstituted milk product from the concentrated 
that is equivalent- to fresh milk in gel stability. 
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1. A procuB for Baking aseptically pac)caged 
concentratad silk from frash silk faedstock caspriaing: 

a) coneantrating tha frash silk faadatoek by 
rasoving vatar fros said faadstock by ravarsa ossosis; 

b) starllizing tha eoneantrata of stap (a); 

and 

c) asaptically packaging said concentrate, 
irtiarein spontaneous fornation of a gel in said 
concentrate during unrefrigcrated storage is avoided 
without use of stabilizers or other additives to prevent 
gelation* 

2. The process of claia 1 wherein the faedstock is 
selected froa a group consisting of creas, lAole silk, 
low fat silk, and skissed silk. 

3 • The process of claia 1 wherein said sterilizing 
is UHT sterilizing. 

4. The process of claia 3 wherein the package size 
of said packages is not less than about one oianee and 
not sore than about 300 gallons. 

5. The process of claia 3 wherein said concentrate 
is free of stabilizer or any other additive used to 
prevent gel fozsation. 

6. The process of claia 5 %iharein the packaged 
concentrate eoaprises flavoring or other additive. 

7. The process of claia 6 wherein said flavoring 
is chocolate. 
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8. The process of clala 1 vhereln the volx2ae of 

said concentrate is no less than about one-third the 
volime of said feedstock. 

10. A process for saJcing aseptically paetaged 
concentrated vhole Bilk froB a volume of fresh whole 
silk coarprising: 

a) feeding the volune of ^ole allk to a 
reverse osBosis (RO) system thereby to remove vater and 
form a volume of milk concentrate; 

b) sterilizing the concentrate under TJHT 
conditions ; 

c) optionally homogenizing; and 

d) aseptically packaging the concentrate into 

packages. 

11. The process of claim 10 wherein the size of 
said packages is not less than about one ounce and not 
more than about 300 gallons. 

12. The process of claim 10 wherein said feedstock 
is pasteurized feedstock. 

13. The process of claim 10 wherein said volume of 
fresh whole milk is reduced to a volume of concentrate 
not less than about one-half of the volume of said fresh 
whole iailk and wherein said concentrate has a solids 
content of up to about 25% by weight. 

14. The process of claim 13 wherein said volume of 
fresh whole milk is reduced to a volume of concentrate 
not less than about one-third of the volume of said 
fresh whole milk and wherein said concentrate has a 
solids content of up to about 34% by weight. 
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15. The procttSB of claim 10 vhenin said 
cencantrata is f raa of stabilizar or any othar additiva 
uaad to pravant gal foxution. 

16. A procaas for Ba)cing packagas of aaaptically 
packagad concantratad alcia alllc f roa a volima of f rash 
alcim silk coa^rlaing: 

a) faadlng tha voluaa of akia ailk to a 
ravaraa esaoaia (BO) ayataa tbaraby to raaova vatar and 
fora a voluaa of akia allk concantrata; 

b) atarllizlng tha concantrata undar DBT 
eonditiona; 

c) optionally hoaogenlzing; and 

d) aaaptically packaging. 

17. Tha procaaa of claia 16 vharain tha aiza of 
aaid packagaa is not lass than about ona ounca and not 
aora than about 300 gallons. 

18. Tha procaas of claia 17 vharain said faadstock 
is pastaurizad faadstock. 

19. The process of claia 16 wherein the volume of 
said f rash skim milk feedstock is reduced to a 
concentrate vith a volume no less than about one-third 
the volume of said fresh skim milk feedstock. 

20. Tha process of claim 19 vharain said 
concentrate has a. solids content of up to about 24% by 
vaight. 

21. A process for making packages of aaaptically 
packaged concentrated lov fat milk from a volume of 
fraah lov fat milk coaprising: 
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a) fMding the voliae of lov fat allk to a 
ravana oaaoaia (RO) ayatan to tharaby raaova vatar and 
foxB a vplima of lev fat allk concantrata; 

19) atarilizing under UBT eondltiona; 

0) optiaally hoaoganising; and 

d) aaaptically packaging. 

22. The process of clal& 21 vherein the size of 
said packages is not less than about one ounce and not 
acre than about 300 gallons. 

23. The procaaa of claim 22 vherein said feedstock 

is pasteurized feedstock. 

24. The process of claim 22 vherein the volume of 
the fresh lov fat milk feedstock is reduced to a 
concentrate vith a volume no less than about one-third 
the volume of said fresh lov fat milk. 

25. A process for preparing aseptically packaged 
concentrated milk from a volume of rav milk feedstock 
comprising the steps of: 

a) pasteurizing the volume of rav milk 

feedstock; 

b) feeding the pasteurized feedstock to a 
reverae oamosis (RO) system and thereby removing vater 
from the feedstock and. forming a volume of concentrate 
vherein said volume ia no less than about one-half the 
volume of the rav milk feedstock; 

c) sterilizing the concentrate under UET 
conditions; 

d) homogenizing; and 

e) aseptically packaging said concentrate in 

packages. 
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26. The proc«sB of clai». 25 wherein said pacJcage 
size is about 100 al. 

27. The process of dais 26 vherein the voliae of 
said concentrats is about half the volraw of the raw 
xdlk f eedstocik. 

28. nie Bseptieally paetoged concentrate aade by 
the process of elaia 1. 

29. The reconstituted silk product Mde by the 
addition of water to the concentrate of claia 1 wherein 
said reconstituted ailk has eseentially the sane balance 
of the elments as the fresh sillc feedstock. 

30. The aseptieally packaged concentrate aade by 
the process of elaia 10. 

31. The rsconstituted whole «ilk made by the 
addition of water to the concentrate of claia 3D wherein 
said reconstituted Bilk has essentially the sane balance 
of elsaents as fresh whole silk. 

32. The aseptieally packaged concentrate of claim 

20. 

33. The reconstituted skis ailk aade by the 
addition of water to the concentrate of daia 32 irt&erein 
the reconstituted ailk has essentially the saae balance 
of sleaents as fresh skia ailk. 

34. The aseptieally packaged concentrate of daia 

21. 

35. The reconstituted low fat ailk aade by the 
addition of water to the concentrate of daia 34 wherein 
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sald rftconstituted millc has •ssentially th* saae balance 
of •laaenta aa fraah low fat millc. 

36. A procaas for Baking aaeptieally packaged 
emoantrated Bilk f roB tvo or Bore aBounts of fresh Bilk 
feedstock eoqprieing: 

(a) eonoentrating eatih of said tvo or Bore 
BBOunts of f reah Bilk feedstock separately by reverse 
osBosisy 

(b) cosbining the concentrates f omed by step 

(a) ; 

(c) sterilizing? and 

(d) aaeptieally packaging* 
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